Crabs appear as the most important group of mangrove epifauna. Their distribution seems influenced by some biotic and abiotic parameters. To verify the interactions between crab populations and relevant environmental components, six mangrove sites around the city of Douala (3˚40' -4˚11'N and 9˚16' -9˚52'E) were selected. During six months, four 25-min independent time-biased samples methods were conducted in the plot of 4 × 4 m 2 delimited inside each zonation throughout transect. The distance from plot to water and its groundwater salinity, temperature, conductivity and pH were measured. The individual sex, fresh weight and carapace size were determined. 3016 individuals were harvested (57% of females). Perisesarma kamermani was the most abundant (29%) while Chiromates angolense was the most frequent (13.47%). Cardisoma armatum was only found in Pandanus zone. Crab species number was positively correlated with tree, suggesting that the mangrove vegetation is important to the crab fauna as a habitat and food supply. Sex ratio showed a significant difference for Chiromates buetikoferi 1:2.34 (χ² = 33.21) and for Perisesarma huzardi 1.36:1 (χ² = 39.98). Portunus validus live closer to water between 5 -20 m while Cardisoma armatum was found 70 m away from water. Portunus validus was present exclusively in high salinity zones whereas Perisesarma kamermani dominate in low salinity zone. This baseline ecological study of crab mangroves is important for monitoring, management and conservation of mangrove ecosystems.
Introduction
Mangrove ecosystem is characterized as a forest growing in seawater at the interface between land and sea, particularly in sheltered areas with large tidal excursions. The structuring feature of mangrove forests is tree species adapted to growth in anoxic intertidal sediment saturated with seawater [1] . The diversity of these features depends on the size of the swamp which, in its turn, depends on the proximity of rivers and the tidal range. A further complication introduced by the proximity of rivers is variable salinity which may also be caused by heavy rain and poor drainage [2] . The plant species are distributed in zones or belts which are generally parallel from the coast to the external part of mangrove [3] . The vegetation structure is linked to the differences in the different species tolerance of the water's physicochemical factors (salinity, conductivity and pH) throughout their gradients [4] .
Worldwide, the macrobenthos are relatively poorly known compared to other aspects of these productive ecosystems, such as floristics and trophic ecology [5] - [7] . Brachyuran crabs are dominant in most mangrove habitats, high in species number, abundance and biomass compared with many other animals, thus adequate for modelling settlement in these systems [8] . They are dominated by various burrowing decapods, such as sesarmid crabs and fiddler crabs [1] . Their assemblage structure seems to be influenced by local environmental conditions. Scale-dependent patterns of distribution may be particularly important in coastal areas, since they are characterized by variability in abiotic conditions [9] [10] . The distribution of macrobenthos fauna are determined by a number of factors such as physical nature of substratum, depth, nutritive content, degree of stability and oxygen content of the water body [11] .
The rate of deforestation is high in many developing countries possibly than in any others type of tropical forests [12] . Almost 53,216 ha of the Cameroon's mangrove forests have been lost over the last 13 years [13] [14] . Disturbances in mangroves have been attributed to a combination of factors such as the ever-increasing human pressure on coastal lands, sea-level rise, absence of adequate legislation regarding mangrove protection, and pollution in the peri-urban settings of the city of Douala [15] [16] . Mangrove wood products remain an important source of building materials and fuelwood for local communities [17] . They are also used as a potential source for pasture, medicine and tannins [18] . However, few data are available on the distribution of mangrove macro-benthos in Africa [19] - [23] .
Most studies concern primarily their composition and abundance [11] , feeding and burrowing ecology [24] , mutual relationship between crabs and mangroves [25] [26] , periodic vertical migrations on trees by climbing crabs [19] [27] [28] , trophic roles [29] , homing abilities of crabs [30] , the dynamics of mangrove leaf litter, includ-ing productivity, decomposition and export [31] , settlement patterns of crabs [8] , effects of urban wastewater on crab and mollusc assemblages [19] . In Cameroon, recent study updates the inventory of crabs from 17 to 20 species [32] .
Crabs patterns of distribution are related to salinity [33] , sediment characteristics [34] , temperature, ions and water availability [35] , debit and pH [36] and topography [37] . Associated biotic factors like litters' floristic diversity, forest complexity and harvesting were identified as the determining factors which affected the distribution and abundance of mangrove crabs [38] .
The faunal zonation has been recognized; however, this zonation is described only in a qualitative fashion [39] [40] . The quantitative data in mangrove environments seem difficult probably due to the complexity of the swamps involved. Following the survey carried out in this zone [32] , the aim of present study is the determination of interactions between crabs and relevant environmental components in mangrove. Three hypotheses were tested in this study: 1) there is no difference in crab species richness between the previous studies and this study; 2) there is no biased sex ratio in each crab species population; 3) the distribution of crab species and density are no different between mangrove tree species belt properties.
Materials and Methods

Study Area
The study was carried out in the mangrove of the Wouri River estuary (3˚40' -4˚11'N and 9˚16' -9˚52'E) (Figure 1) . The climate of the region belongs to the Equatorial regime of a particular type. It is characterized by a long rainy season (March-November) and a short dry season (December-February). Heavy rainfall (approximately 4000 mm per year) with high and stable temperatures (annual average temperature is 26.7˚C) and a high humidity throughout the year approaching 100%, are typical for this region. Monsoon watering the region has a low wind gust with the exception of its phases of onset (April-May) and withdrawal (September-October), accompanied by relative violent storms.
The tide rhythm is semi-diurnal with average amplitude of 2.5 m. Soils are grey or black muds, of silty texture, sand or clay, formed from fluvial sediments relatively rich in organic matter. These are young clay soils, characterized by a high carbon/nitrogen (C/N) ratio due to the slowdown in biological activity as a result of anoxia conditions. The annual variation in salinity in the region is between 0 and 20‰. During the long rainy season, the salinity of waters draining twice the mangrove is always <10‰. During the dry season, salinity varies between 4 and 20‰. Less than 30 km away from the ocean, salinity in Douala mangroves is zero during the rainy season [4] .
The flora consists essentially of tree species. The herbaceous stratum represents <1% of all vegetation. However, the flora remains poor with Rhizophora racemosa GF Meyer being largely the dominant vegetation. The fauna includes vertebrates such as birds, reptiles and fish, but especially a wide range of invertebrates, mainly crabs and molluscs, which constitute the bulk of submerged and epibenthic wildlife in the region.
Sampling Design
Six study sites were selected on each side of the Wouri River bridge based on their accessibility, their floristic composition and their crab species characteristics. A detailed description of the macrobenthos assemblages of study area is contained in [32] . At each site, one transect was opened perpendicularly to the main channel, from water to land varied from 70 to 100 m according to the floristic diversity. Crabs were collected at the day, during six months in the rainy season, at the low neap tide and then repeated at the low spring tide. A plot of 4 × 4 m was delimited into each tree species characteristic belt [41] . Thirty-nine (39) plots were sampled covering an area of 624 m². Six plots corresponding to six tree species belt were sampled in Site 1, seven plots in Site 2, five in Site 3, nine in Site 4, eight in Site 5 and four in Site 6.
There are several techniques for sampling mangrove crabs, but unbiased sampling is difficult without employing highly intrusive and labour intensive methods. Four 25-min independent time-biased samples were conducted in each plot [42] . One sample (= one replicate) represents approximately one half of the 16 m² plot for one person collecting crabs for 25 min. Crabs were counted and caught by hands on the trees, dead wood and detritus on the plot surface. Leaves of young plants were deposited on the ground to incite crabs to come out from their burrows. All burrow excavation at 10 -20 cm deep was used for more active and conspicuous species. The crabs were sedated in iced water for a few minutes, washed and stored in 70% alcohol. The number of green (freshly fallen), yellow (senescent) and brown (decaying) leaves was counted at the time of sampling in the plots.
Measurement of Parameters
For any crab caught, individual sex, fresh weight and carapace size (carapace length (CL) and carapace width (CW)) were measured in the laboratory. Distance of each plot to water was measured and first plot was fixed at 5 m from water because of substrate instability. 
Data Analysis
The following ecological parameters were assessed to describe the structure and composition of crabs (absolute density: number of individuals/m 2 ; relative density: number of individuals per species/total number of individuals; species occurrence; specific diversity has been expressed in Shannon-Weaver index (H') and Pielou's evenness (J) or equitability index). We have also determined a probability to encounter an individual in each site which is the sum of species occurrence divided by the total number of possible observations, where every species is considered as a data series.
The sex ratio was given as males/females (M/F) calculated using the formula: total number of males/total number of females [43] . To analyze global data of communities' structure, STATISTICA Software was used. The chi-square test (χ²) and One-Way analysis of variance (ANOVA) were used to verify the significant differences between the sex ratio of species and commonly expected 1:1 sex ratio [44] . When significant variations are detected with ANOVA, Turkey's test was performed to determine the locations of significant differences. The relationship between salinity and conductivity was established and evaluated using Pearson's correlation. The Mann-Whitney (U) test was also used to observe differences between transects and time of collection (at spring or neap tides). Spearman's Rank Correlation Test was used to determine the relationship between environmental parameters and biotic variables (abundance, diversity and species richness).
Results
Population Structure
The composition, abundance and distribution of crabs within the sites are shown in Table 1 . In total, 3016 individuals were captured, 1679 in the neap and 1337 during the spring samplings. Individuals were grouped into 12 species, nine genera and five families. Perisesarma kamermani (De Man 1883) was the most abundant (29%) while Cardisoma armatum (Herklots 1851) was the least abundant (0.23%). The high density was obtained by P. kamermani (1.4 individuals m − ²) and the low by C. armatum (0.01 individual/m²). According to the Shannon-Weaver index (H'), Site 4 was the most diversified (0.53). Evenness index (J) shown that individuals in site 3 (0.06) were better distributed ( Table 2 ). There were no significant differences of the crab measures between replicates and the time of collection (spring or neap tides) in each plot, although there were significant differences in the transects in terms of abundance and species number among transects (Mann-Whitney U = 92 and 73 respectively, n = 6, p < 0.005). 
Biological Characteristics
Females were more numerous (57% of individuals). Significant differences were observed in terms of sex ratio for two species. Table 3 . The high mean value of carapace size was recorded for C. armatum with 13.13 ± 4.49 cm for width and 9.79 ± 3.60 cm for length. The low mean was obtained for Armase elegans (Herklots 1851) with 2.05 ± 0.55 for width and 2.03 ± 0.26 cm for length. The mean fresh weight was 136.6 ± 52.8 g for C. armatum and 7.93 ± 1.44 g for A. elegans.
According to sex distribution, male carapace width ranged from 1.5 cm to 15.7 cm, the carapace length varies from 0.9 to 13.0 cm and weight varies from 5.6 to 158.9 g. For females, the carapace width ranged from 1.4 cm to 15.2 cm, the carapace length varies from 0.8 to 11.3 cm and fresh weight varies from 5.2 to 155 g.
The size frequency distribution differed from normality for the most species. They were better described by a bimodal distribution. There was a significant difference between carapace width of males and females (χ² = 279077.3, df = 3014, p < 0.001). The same observations have been shown for carapace length of males and females (χ² = 283605.6, df = 3014, p < 0.001) and for weight of males and females (χ² = 236133.0, dl = 3015, p < 0.001). Individual weight and carapace width showed a significant positive correlation and the regression equation generated is of the type y = 13.59x -32.33 (r 2 = 0.58, p < 0.005). Carapace length and carapace width are highly correlated (r s = 0.79, p < 0.001), likewise fresh weight and carapace length (r s = 0.65, p < 0.001) and carapace width of males and females (r s = 0.86, p < 0.001).
Spatial Distribution of Individuals
The environmental parameters recorded in this study are summarized in Table 4 . Salinity of groundwater varies considerably from water to land. During the rainy season, salinity ranged from 2.4 to 9 g•l −1 at low tide. Conductivity varies from 8.7 to 15.8 mS•cm −1 and temperature from 26.1˚C to 29˚C. pH was slightly acid and varied from 6.12 to 6.41. The hygrometry level remains high and varied from 73.3% to 80.6%. Spearman correlation coefficient shows that conductivity and salinity are always highly correlated (r s = 0.994, n = 9, p < 0.01) in different vegetation stands.
Portunus validus (Herklots 1851) exclusively prefers zones with relatively high salinity (≥8 g/l) while P. kamermani dominates in zones with low salinity (≤2.4 g/l). Uca tangeri (Eydoux 1835) was only present in zones of high temperature (29˚C) while P. huzardi dominates in zones of low temperature (<26.5˚C). Salinity was positively and significantly correlated with crab species number and density (r s = 0.057, n = 9, p < 0.01 and r s = 0.032, n = 9, p < 0.01). Temperature and pH are negatively and significantly correlated with crab species richness (r s = −0.77, n = 9, p < 0.5 and r s = 0.72; n = 9, p < 0.5) and density (r s = −0.85, n = 9, p < 0.5 and r s = −0.81, n = 9, p < 0.5, Table 5 ).
The zone of Rhizophora spp. was the most diversified (eight species of crabs) and abundant (26.52%). The zone of Laguncularia racemosa (L.) Gaertn. f. had only three species and least abundant (2.32%). Chiromates angolense (Brito Capello 1864) was the most frequent (13.47%), it was found on eight zones with the exception the zone of L. racemosa. C. armatum was only found in the zone of P. candelabrum. There was a high significant difference of crab density (r = 0.038, p < 0.001) between the zones of L. racemosa and Nypa fruticans Thurnb. Wurmb. (Figure 2) . A. elegans (23%) and P. huzardi (27.6%) were more abundant in Guibourtia demeusei (Harms) and Cynometra mannii Oliv. were associated to the zone vegetation. Pachygrapsus transversus (Gibbes 1850) with 72.85% and C. buetikoferi (35%) dominate in the zone with L. racemosa and Hibiscus tiliaceus L. respectively. The crab distribution patterns have shown two major trends with respect to water proximity. Some crab species were found in many distance classes, but others were only encountered in specific interval. The first group was divided into three categories: 1) population decreased from water to land (P. transversus and P. kamermani), 2) population increased in that direction (A. elegans, Metagrapsus curvatus (H. Milne Edwards, 1837) and Perisesarma alberti), and 3) population evolved randomly (P. huzardi). In the second group, C. armatum was found only about 70 m from water, U. tangeri between 50 -60 m while P. validus live closer to water (5 -20 m). P. kamermani dominates in all established classes. The highest abundance (20.12%) and the most number of species (nine species) have been obtained in class 50 -60 m.
Discussion
Species Characteristics
The same crab species were collected and their densities are higher in spite of small sample area covered in this study. These high crab densities could be that, the period of crab collection has coincided with the maximum rupture periods corresponding to the rainy season. Females were over-represented in more than 66% of the species. All species have presented a sex ratio biased with exception for U. tangeri. The observed sex ratio of U. tangeri (1:1) is very surprising, because most Uca species (U. annulipes (H. Milne Edwards, 1852) and U. beebei (Crane, 1941)) have shown biased sex ratios in Mozambique and Panama mangrove areas [45] [46] .
Male-biased sex ratio patterns as found for four species: P. huzardi, P. kamermani, P. validus and Sesarma sp., but P. validus has already presented a biased sex ratio in the previous study in another part of the Cameroon Estuary mangroves by [47] . Generally only fiddler crabs exhibit adult sex ratios biased in favor of males in at least 14 species which can be explained by differential growth rates, differential production of gametes and differential mortality between the sexes [48] . On the literature, there are few data on sex ratio concerning others species encountered in this study. According to [49] , the lunar phases and intertidal zonation are related to sex ratio variation in brachyuran crabs.
The values of carapace width and bimodal distribution of Uca tangeri indicate a juvenile and good recruitment. The similar frequency distribution had obtained for U. tangeri in Brazil [50] and Mozambique mangrove areas [51] . 
Distribution of Crab Parameters
Influence of Vegetation
The importance of vegetation in distribution of macro-fauna has been widely studied [56] [57] . Floristic diversity and crabs diversity in the area are highly correlated (r s = 0.26, n = 9, p < 0.005). The vegetation is highly dominated by Rhizophora and that zone is regularly undergone tidal alternation and deposition of sediments and nutrients with relatively high salinity. Mangrove crabs are marine-adapted species, they should love high (=sea water) salinity and avoid low salinity, that probably why many crab species could be attracted in this zone.
Some crab species show a preferential distribution in the particular mangrove plants perhaps for feeding behavior or for a suitable refuge. A. elegans, C. armatum, C. buetikoferi and P. huzardi were found in G. demeusei, P. candelabrum, H. tiliaceus and C. mannii zones respectively. In Malaysia, Sesarma onychoponum and S. Eumolpe distribution in the field was related to the preferred for Bruguiera and Rhizophora tree species dominance, indicating that tree species may be important for crab species distribution, or vice versa [39] . On the other hand, P. kamermani, P. transversus and C. angolense have shown ubiquitous behaviors. It has therefore become difficult to determine which plant directly influences their distribution. At this time, other factors such as the properties of habitats like roots or pneumatophorous, salinity and granulometry can affect their distribution [58] .
Sesarmid crabs are the most abundant (85%) with high number of species (eight) in the Wouri Estuary mangroves. These species are recognizing to prefer the leaves and young Rhizophora propagules [26] [42] [59] . It is apparent there is a mutual relationship between sesarmid crabs and mangroves, whereby mangroves provide a suitable habitat and the crabs reduces competition between mangrove plant species through selective predation on seedlings [25] [60].
Influence of Soil Water Characteristics
Salinity is considered as an ecological key factor in estuarine and coastal zones that are characterized by a high variability. Variation of salinity observed in transects is due to the penetration of water during high tides followed by evaporation and increase of ground water capillarity during low tides. This mechanism would contribute to the retention of a large quantity of salt in the mangrove [61] . The values of salinity of Wouri mangroves are relatively weak 2‰ -10‰ compared to those obtained in the mangroves of Kenya: 16‰ -65‰ [62] and those of Mayotte: 37‰ -72‰ [52] . These values of salinity obtained in the rainy season are certainly higher in the dry season.
The crab species do not have the same capacities of osmoregulation and their physiological answers with respect to various salinities are different [63] . The high salinity zones (8 -9 g•l −1 ) have been dominated by P. transversus, P. validus and C. angolense corresponding to Avicennia germinans (L.) Stearn, C. mannii and L. racemosa zones. C. armatum was found only in the low salinity zones (≤2.4 g•l −1 ) dominated by P. candelabrum zone. C. buetikoferi, Sesarma sp. and U. tangeri tolerate medium level of salinity which corresponds to Rhizophora spp., G. demeusei, H. tiliaceus and N. fruticans zones. It's still difficult to relate crab distribution to salinity instead of vegetation properties.
U. tangeri was only found in the high temperature zones. The temperatures of 24˚C to 29˚C are optimum surface temperature to stimulate emergence of Uca species from burrows [64] . The pH of ground water was correlated with the crab community structure. Most species were encountered in Rhizophora spp. zones which have the high pH values. Low-pH conditions can be detrimental to crabs because they depend on calcium carbonate formation for exoskeleton and shell building respectively.
Influence of Channel Distance
All mangrove crabs have some degree of behavioral, morphological, physiological and biochemical adaptation to their habitat. P. transversus, P. validus and C. angolense have been found near channels. P. validus (Portunid crab) is a swimming crab, probably that's the reason why it was found near the channel. Only Ocypodid crab (Uca perplexa) was studying near water by [65] . To adapt, this species usually loses water at a high respiration rate and they supplement the water level lost by lowering the body temperature. This is probably the same thing for the grapsid and sesarmid crabs.
C. armatum and U. tangeri appeared as the most terrestrial crabs of mangroves environment. The first lives essentially close to mangroves in particular at the back of mangroves because of reproduction cycle and can breathe in the presence of moist air [66] . It stores up nitrogenous waste until water becomes available by reducing gills number and space and increases his epithelial fabric. The second has the smaller hearing compared with others species of the moist habitats [65] .
These two semi-terrestrial crabs are capable to carry out osmoregulation to adapt [66] . Their keystone effects are a consequence of their feeding habits and burrowing behavior [60] . The burrows and tunnels build by the land crabs (Sesarma, Cardisoma and Uca species) provide them protection against high temperatures, low humidity, wind and predators [67] [68].
Conclusion
The macrofauna structure is postulated to be functionally related to the environmental factors. This survey has shown relationships between crabs and vegetation. There's also a crab zonation along salinity, pH and temperature gradient of ground water. Rhizophora zone appeared to be the most attracting both in quality and quantity. Crab zonation is often greatly complicated in the context of permanently mangrove fluctuations. It's still necessary to reveal clearly the main parameter which affected crabs distribution. The sampling design and correlations between key factors are also involved complex analysis.
